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Effects of conditions for anodization and cyclic precalcification treatments on
surface characteristics and bioactivity
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The purpose of this study was to investigate the effects of the anodization and cyclic calcification treatment on the surface
characteristic and bioactivity of the titanium thin sheet in order to obtain basic data for the production of bioactive titanium membrane,
A 30X20x0.08 mm titanium sheets were prepared, and then they were pickled for 10 seconds in the solution which was mixed
with HNOs: HF: H,O in a ratio of 12: 7: 81, The TiO, nanotube layer was formed to increase the specific surface area of the
titanium, and then the cyclic calcification treatment was performed to induce precipitation of hydroxiapatite by improvement of
the bioactivity. The corrosion resistance test, wettability test and immersion test in simulated body solution were conducted to
investigate the effect of these surface treatments, The nanotubes formed by the anodization treatment have a dense structure
in which small diameter tubes are formed between relatively large diameter tubes, and their inside was hollow and the outer
walls were coupled to each other. The hydroxyapatite precipitates were well combined on the nanotubes by the penetration
into the nanotube layer by successive cyclic calcification treatment, and the precipitation of hydroxyapatite tended to increase
proportionally after immersion in simulated body solution as the number of cycles increased. In conclusion, it was confirmed
that induction of precipitation of hydroxyapatite by cyclic calcification treatment after forming the nanotube TiO, nanotube layer
on the surface of the titanium membrane can contribute to improvement of bioactivity.
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Figure 1, FE-SEM images for the surface of nanotubular TiO, layer on titanium membrane, which were anodized at different voltage
in glycerol solution containing 1 wt% NHF and 20 wt% H,O. (a) 10 V, (b) 20 V, (¢) 30 V.
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Figure 2. Schematic outline between the applied potential and the mean diameter of TiO, nanotubes,

Figure 3, Cross-sectional FE-SEM images for thenanotubular TiO, layer on titanium membrane which were

AN
S00nm

anodized at different V

in glycerol solution containing 1 wt% NHF and 20 wt% H,O. (a) 10 V, (b) 20 V, (c) 30 V.

246



1200 - I
T 1000 - /
£
= x
g 800 |- el
© oz
E 600 7
o = e
& 4
z e
400 | e
200 ' L - '
10 20 30
Voltage (V)

Figure 4, Schematic outline between the applied potential and the mean length of TiO, nanotubes,
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Figure 5, FE-SEM images of titanium membranes anodized at 20 V, cyclic calcified for different cycles and heat-treated at 500°C.

(@) 10 cycles, (b) 20 cycles, (c) 30 cycles, (d) 40 cycles.

Table 1, Ca and P concentration after anodization and cyclic calcifcation treatments of Ti membrane

Group/Element Ca (Wt%) P (wt%) Ca/P (at%)
10 cycles 9.30+0.04 410+0.08 1.75+£0.08
20 cycles 19.30+1.62 884+085 1.66+0.05
30 cycles 27.23+258 1276+115 1.65+0.07
40 cycles 3211391 1528+1183 1.62+0.06
T GAPe T(AH) B FFAtske} 303] X35}t gk TiO, We=FB 3 FAYE 0= YERGATE 500T o4 2]
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Figure 6. FE-SEM images of fractured nanotubular TiO, layer on titanjum membranes anodized at 20 V, cyclic calcified for different
cycles, and heat-treated at 500C. (a) 10 cycles, (b) 20 cycles, ( ¢) 30 cycles, (d) 40 cycles. Arrows mark the interface between the
infiltrated HAp layer and nanotubular TiO, layer,

Figure 7. FE-SEM images after immersion in SBF for 10 days, (a) anodized (X5K), (b) magnification of point A (X50K), (¢) anodized
and heat-treated at 500C (X5K), (d) magnification of point B (X50K),
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Table 2. Ca and P concentration after immersion in a simulated body fluid for 10 days

Group/Element Ca (Wt%) P (wt%) Ca/P (at%)
A-10d 049+0.04 - _
AH-10d 2231t£264 1131125 1.52+0,09

* A-10d
and immersed in SBF for 10 days

: anodized at 20 V and immersed in SBF for 10 days, AH-10d :

anodized at 20 V, heat-treated at 500C

Figure 8, FE-SEM images of titanium membranes anodized at 20 V, cyclic calcified for different cycles, heat-treated at 500C, and
immersed in SBF for 1 day. (a) 10 cycles (X5K), (b) magnification of point A (X50K), (¢) 20 cycles (X5K), (d) magnification of point

B (X50K), (e) 30 cycles, (f) magnification of point C (X50K).
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Figure 9, Polarization curves of untreated pure titanium (Ti), anodized at 20 V and heat—treated at 500C (AH), and anodized, cyclic
calcified for 30 cycles and heat—treated (APH-30) membranes,

Table 3, Corrosion potential (Eeo) and corrosion current (Ioy) in SBF

Sample Ecor (MV) loorr (Aferr)
Ti 2613 1.019x107
AH 712 3.308x107
APH-30 2064 2.532x107

* Ti : untreated Ti, AH : anodized at 20 V and heat-treated at 500C, APH-30 : anodized, heat-treated and cyclic
calcified for 30 cycles

OCP = octa calcium phosphate
HAp = hydroxyapatite
A =TiO, (anatase)
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Figure 10, X-ray diffraction patterns. (a) untreated Ti, (b) Anodized at 20 V, (¢) anodized and heat-treated at 500C, (d) anodized,
cyclic calcified for 30 cycles and heat-treated.
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Table 4, Surface roughness (Ra) and contact angle (6)

Group Roughness R, (um) Contact angle 8 (rad)

Polished 0.165%0.009 83.814.3

Anodized 0.258+0.016 37.7%£7.3
APH-treated 0.472+0.019 10.3*1.5

Figure 11, Morphologies of SBF droplets on titanium membranes, polished Ti with #1,000 SiC paper (A), Anodized at 20 V (B),
anodized, cyclic calcified for 30 cycles and heat-treated at 500C (C)
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